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Introduction
Animal production causes serious environmental problems in many European countries. The increasing content of nitrogen in the soil, atmosphere and fresh water, originating from manure, is a real problem in areas with high-density animal production (Lenis 1989, Verstegen and Tammiga 1991) .
Much effort has been focused on nutritional means of reducing environmental pollution (Jong-BLOED and Lenis 1992) . In pig production, the lowering ofnitrogen excretion is related to the protein content and amino acid balance of the diet, since the oversupply of protein and the imbalanced amino acids are excreted mostly in urine. A closer balance of amino acids in the diet compared to the requirement can be achieved, if feeding is based on the requirements set by age and physiological state, or if the availability and quality of the dietary protein are improved (Lenis 1989 ).
The availability of economically viable synthetic amino acids has made them an attractive alternative in balancing the dietary amino acid composition of pig feeds. A significant reduction in the crude protein content of cereal-based diets has been attained with the supplementation of synthetic lysine alone, without impairing the performance of the pigs (Taylor et al. 1979, Easter and Baker 1980) . Furthermore, the reduction in dietary protein has also depressed water consumption of the pigs, which again leads to a smaller volume of excreted urine (Pfeiffer and Henkel 1991). This experiment was undertaken to make a comparison between the present protein feeding recommendations for growing pigs in Finland based on the digestible crude protein (Salo et al. 1990 ) and balancing ofessential amino acid content of thediet with synthetic amino acids with respect to the requirements of growing pigs. The object of the experiment was to determine the effects of the reduction in the crude protein content of the diet on the performance and carcass composition of growing pigs and on the nitrogen output from swine production.
Material and methods
A total of 120Landrace and Yorkshire pigs, weighing 25.5 kg (standard error 0.19) on average, were used in the performance trial. Three pigs of the same sex and different litter origin were placed into each pen and the pens were allotted at random to one of four dietary treatments. The treatment groups were balanced according to initial weight and sex. Each diet was tested on 15 female and 15 castrated pigs.
The crude protein contents in the four diets were 179, 160, 140 and 122 g/FU, respectively. The control diet, containing 179 g/FU crude protein, consisted of barley, rapeseed meal (Brassica campestris) and peas (var. Proco). The crude protein content of the three experimental diets was reduced, while the average lysine and threonine levels were maintained at 9.0 and 6.2 g/FU with synthetic lysine and threonine. Commercially produced lysine hydrochloride and threonine (Eurolysine) were used as supplementary amino acids. All diets contained an adequate amount of minerals and vitamins to meet the nutritionalrequirements of growing pigs (Salo et al. 1990 ). The composition of the four diets is presented in Table 1 . The feed ingredients were analyzed by standard methods (AOAC 1984), and their amino acid composition was determined by gas-liquid chromatography (GLC). The pigs were housed in partially slatted pens with concrete floors and had free access to water. Feeds were given on a restricted scale in relation to live weight twice daily (1.2-3.0 FU/day) according to Finnish feeding standards (SALO et al. 1990 ). week. The pigs were slaughtered at an average weight of 105 kg.
The carcass weight was recorded 24 h after slaughter. The left half of the cold carcass of each pig was cut into valuable cuts (ham, fore-end, shoulder and loin), and the cuts were dissected to determine lean (including bones) and fat (including skin). The proportion of lean and fat was calculated from the ham, valuable cuts and whole carcass. The area of the longissimus dorsi muscle was determined posterior from the last rib with a planimeter. The thickness of back fat was calculated as a mean of five measurements (shoulder, middle and ham (mean of three measurements)), and the thickness of side fat was determined from the end of longissimus dorsi.
Nitrogen excretion was calculated as the difference between nitrogen supply from the diet and total nitrogen retention during the experiment. The quantity of nitrogen retained in the body during the experiment was calculated as the difference between the nitrogen content of the pig at the end of the experiment and the estimated nitrogen content of the pig in the beginning of the experiment. The nitrogen retained in the carcass was estimated from the dissection results as a sum of the nitrogen in the carcass lean and bones (including head). The proportion of blood, intestines and offals was estimated as the difference between slaughter loss proportion and gut fill. The content of nitrogen in carcass lean and bones and the initial nitrogen content of the pigs were adapted from the dissection and the chemical analysis results of40 pigs slaughtered at regular intervals between 20 and 110 kg live weight (Alaviuhkola et al., unpublished) . The proportion of gut fill and the content of nitrogen in the blood, intestines and offals were estimated from the results of Whittemore and Elsley (1976) .
The data were analyzed by the GLM procedure of SAS (1990) . The hierarchic analysis of variance was performed as outlined by Gill(1989) using the model: yijkl= p + di + sj + (ds)ij + pk(ds)ij + eyk, where d, s and p are diet, sex and pen effects, respectively, ds is the effect of diet*sex, and eyk is the error term. The effect of pen within diet*sex interaction (pk(ds)y) was used as an error term for testing the diet and sex effects. Feed consumption was registered on pen basis and the pen effect was, therefore, excluded from the model in statistical testing. Slaughter weight was used as a covariate in the testing of carcass trait measurements. The degrees of freedom for the diet effect were further partitioned into single degrees offreedom to test the linear, quadratic and cubic trends of the crude protein level.
Results
One gilt on diet 4 was excluded from the trial for a reason unrelated to the treatment. Otherwise the pigs completed the experiment successfully, and refusals of the diets were negligible. The overall results of the experiment are given in Table 2 . The quadratic and cubic trends of the crude protein content and diet*sex interaction were non-significant and are therefore omitted from Table 2 .
Performance
The growth performance of the pigs was good over the entire experimental period, averaging 880 g/day. The daily gain (DG) and feed conversion ratio (FCR) of the pigs were unaffected by the reduction in the dietary crude protein level. Total (p<0.05) and daily (p<0.01) feed consumption (measured as feed units) increased linearly with the reduction in the crude protein content. No significant differences between sexes were found in the performance of the pigs.
Carcass composition
There was a significant difference in carcass weight (p<0.05) between the four groups, which also produced a difference in the corrected final weight (p<0.05). The carcass composition of the pigs changed from lean to fat when the crude protein content in the diet decreased, while a significant linear increase was found in back fat (p<0.001) and side fat (p<0.05) thickness. The lean content in valuable cuts and in the carcass also decreased linearly (p<0.05). However, no signicant differences were found in the area of the longissimus dorsi muscle between the treatments. Significant differences between sexes were found in side fat thickness (p<o.ool )and in the area of the longissimus dorsi muscle (p<0.001) as well as in the proportion of lean in ham (p<0.05), valuable cuts (p<0.01) and whole carcass (p<0.01). In all these measurements, gilts were found to be superior to castrated males.
Nitrogen excretion
The total quantity of nitrogen retained in the body for treatments 1,2,3 and 4 was 1.65,1.65,1.64and 1.64 kg/pig, respectively (Table 3) . Correspondingly, the quantity ofnitrogen ingested per pig was 6.01, 5.37,4.74 and 4.33 kg, and nitrogen excreted (ingestedretained) was 4.36, 3.72, 3.10 and 2.69 kg, respectively. 
Discussion
The results of this study clearly confirmed that it was possible to reduce nitrogen excretion in swine production by applying a suitable feeding strategy.
In our experiment, lysine and threonine were chosen as the supplementary amino acids because they are the two most limiting amino acids in barley-based diets (FULLER et al. 1979 (FULLER et al. a, 1979 . Similar results have been also obtained in other performance trials (Taylor et al. 1979,Easter and Baker 1980) and balance trials (Gatel and Grosjean 1992, NÄSI 1985) with the supplementation of lysine only. Easter and Baker (1980) reduced the dietary crude protein content of a com-soybean meal diet by 10% without observing any negative effects on the performance of the pigs. Furthermore, Taylor et al. (1979) showed that the crude protein content ofa barley-soybean meal diet could be lowered from 17.6to 14.5% , but at lower levels the performance of the pigs started to deteriorate. Gatel and Grosjean (1992) reported that a 7.5% decrease in nitrogen intake resulted in a 15 to 20% decrease in nitrogen excretion in a balance trial with growing pigs. In another trial by the same authors, in which soybean meal was substituted by peas and supplemented with synthetic lysine, threonine, methionine and tryptophan, even a 35% decrease in nitrogen excretion could be achieved by a 15% decrease in nitrogen intake. NÄSI (1985) found that there was not any further increase in nitrogen retention after lysine supplementation when methionine was added to a low-protein diet of growing pigs. A progressive reduction in crude protein with the supplementation of only one amino acid leads to a lack of other essential amino acids or non-essential protein. In our experiment, the deterioration in carcass trait mesurements indicated that amino acids other than lysine or threonine or non-essential protein became limiting factors for lean growth. Histidine is regarded as the third limiting amino acid in barley (Fuller et al. 1979 a) , but its content in diet 4 was found to be on the level of the minimum recommendation ofARC (1981) , 3 g/kg vs 2.8 -4.0 g/kg. The content of sulphur-containing amino acids may also have been a limiting factor for lean growth in treatment 4 when the balance between essential amino acids was compared to ideal protein determined by Wang and Fuller (1989) (54 vs 63). The ratio of threonineto lysine in diet four was lower than that reported by WANG and Fuller (1989) (66 vs 72), but it was above the ratio given by ARC (1981) (60) . On the other hand the calculations ofARC (1981) and the present study are based on a total amino acid basis, whereas WANG and Fuller (1989) used ileal digestible amino acids in their determination.The ratio between essential and non-essential amino acids in all diets was above the minimum ratio (45:55) of WANG and FULLER (1989) . Taylor et al. (1979) reported, that the deterioration of carcass quality started at a higher level of dietary protein compared to the deterioration in the performance of the pigs. The fact that the highest content of lean was found in thecontrol group could also be the result of using excess dietary protein for energy, since crude protein is a poor energy source, with the net energy accounting for only about 50 % of the gross energy (Just 1982) .
The diets in our experiment were designed on a total lysine basis. Flowever, there is a marked difference between the reported digestibilities of synthetic lysine (Leibholz et al. 1986 ) and the lysine in peas (Buraczewska et al. 1989 ) and rapeseed meal (Sauer and Thacker 1986) , which resulted in different amounts of digestible lysine in the experimental diets. Our performance results indicate that the difference in the utilization of synthetic and protein-bound amino acids is much smaller than expected, as also confirmed in the recent studies of Jorgensen and Fernandez (1988), Susenbeth et al. (1991) and Matre and Home (1991) .
Our calculations concerning the reduction in nitrogen excretion showed differences of about 0.63, 1.24and 1.67 kg (14.7,28.4 and 38.3%) in nitrogen excretion per pig between the control group and treatments 2, 3 and 4, respectively (Table 3 ). The results are in agreement with the calculations of Lenis (1989) , who found that a reduction of 2 percentage units in the crude protein content of diets of growing pigs resulted in a reduction in nitrogen excretion of about 25%. Jongbloed and LENIS (1992) have also calculated that nitrogen output could be lowered by 1 kg per pig by restricting the protein level of the diet and by adding synthetic lysine and methionine.
Gilts and castrated males showed similar growth performance in our experiment, although castrated males deposited more fat compared to gilts. A higher rate of fat deposition in castrated males is usually accompanied by reduced growth (Yen et al. 1986 ). However, results similar to ours have been obtained in earlier studies (Taylor et al. 1979 , Alaviuhkola et al. 1992 . It is possible that the amount of lysine in our trial diets was not sufficient for the gilts to show their full performance.
In conclusion, the results show that it is possible to reduce the crude protein content of the diets of growing-finishing pigs by up to 20% with the addition of synthetic lysine and threonine, resulting in a reduction of about 30% in nitrogen excretion. However, the practical implementation of the feeding strategy depends on the price difference between the protein and energy feedstuffs and on the availability of synthetic amino acids at competitive prices.
